Firms in competitive markets are more likely achieve higher productivity. Indeed a better performance of multinationals and exporters with respect to domestic firms has been documented in the literature. The sources of these premia have however largely remained a black box: standard theoretical models consider differences in productivity as the results of a random draw. Only recently models have acknowledged that in competitive environments, firms are more likely to adopt new technologies. This theoretical framework reconciles recent empirical work noting that productivity differences among firms can be explained by different managerial practices, I.T. and organizational capital. In this paper, using an original dataset on Italian firms, we show that the higher use of knowledge workers (such as R&D workers, as well as workers in managerial and clerical occupations) explains some of the TFP premium of exporters and multinational firms. Our results suggest that TFP differences are not only the results in different constant in the production function between international and noninternational firms, but they rather reflect differences in the slopes of the production function. In fact, allowing for different returns to inputs between domestic and international firms, we explain all of the productivity premium and beyond. This is the result of the fact that multinational firms are both more capital intensive and exhibit higher returns to capital. Furthermore, we find that managers and capital are complements in the productivity of multinational firms. This is consistent with the idea that multinational firms have superior organizational capabilities and managerial practices.
Introduction
Recent theoretical and empirical literature has widely documented a superior performance of international firms: multinationals are more productive than exporters, which in turn outperform purely domestic firms (Greenaway and Kneller, 2006 , ISGEP, 2009 , Mayer and Ottaviano, 2008 . Most of the theoretical literature left these premia in a black box and considered them as the result of a random draw, which assigns different productivity to different firms, and thus induce the self-selection of some of them (the most productive) into export or FDI (Helpman, Melitz and Yeaple, 2004) . Recent theoretical models have put forward the idea that firms may 'dress-up' before entering international markets, by investing in R&D and thus increasing total factor productivity prior to start exporting (Costantini and Melitz, 2008) . Schmitz (2005) , among others, has pointed out that firms in a more competitive environments, such as the international markets (as opposed to smaller domestic markets) are more likely to adopt new technologies and achieve higher productivity than firms just having a monopoly power. Holmes et al (2008) show that this is due to the decrease in switchover disruption implicit in higher competitiveness. Other theoretical and empirical works have submitted that the crux of higher productivity of international firms, may be in the choice of the technology and the use of specific inputs, such as, skilled labor, I.T. capital or management practices, and in their complementarity. For example, Yeaple (2005) builds a model where firms, born identical, choose different technologies, characterized by different skill-intensities. Firm heterogeneity arises because firms endogenously choose to employ different technologies and then systematically hire different types of workers. Bloom, Sadun and Van Reenen (2007) show that the TFP is U.S. multinationals in the UK is mainly due to the higher returns to their I.T. capital, and claim that this pattern may be explained by the fact that the US firms organization allows them to use new technologies more efficiently. Black and Lynch (2001) show that workplace practices and I.T. had a significant impact on TFP of a sample of US firms over the 1987-1993 period. report a similar impact of management practices on productivity from 732 medium-sized manufacturing firms in the US, France, Germany and the UK. Bresnahan, Brynjolfsson and Hitt (2002) find positive effects of a measure of organizational capital (constructed from survey data as a linear combination of questions on team working and workers' authority) on productivity both directly and through its interaction with capital.
Similarly, Brynjolfsson and Hitt (2002) find a positive and sizeable effect of information technology on productivity over long periods (5-7 years) in a sample of US firms and claim that the observed contribution of computerization is accompanied by relatively large and time-consuming investments in complementary inputs, such as organizational capital, that may be omitted in conventional calculations of productivity.
In this paper we explore the black box. We test whether, and to what extent, heterogeneity in firms' TFP can be attributed to the fact that these firms are more innovative and use more knowledge workers (such as R&D workers, as well as workers in managerial and clerical occupations), or if this is rather a matter of how they use their inputs. This hypothesis is linked to the fact that workers and capital may be more productive in international firms, either because of their higher quality, or due to the firm superior managerial practices and organizational capital. In other words, we dissect heterogeneity in productivity associated with firms' internationalization, by distinguishing to what extent differences in productivity are due to (i) differences in TFP 1 , or (ii) to how firms choose their production function and how productive are individual inputs 2 .
Using an original dataset of Italian firms 3 , we estimate firms TFP using different parametric methods 4 and we consistently find sizable TFP premia for international firms (exporters and multinationals). Our results are robust to estimation methods. These premia substantially shrink if we take into account the higher use of knowledge workers (such as managers and other white collar employees) in international firms, but they still remain positive and significant (especially for multinationals). However, if we allow for heterogeneity in the slope of the production function, multinationals exhibit a significantly higher return to capital and TFP premia for international firms vanish. We interpret this as evidence that heterogeneity across firms with different international exposure is not in the constant, but rather in the slope of the production functions. We estimate a flexible translog specification and find evidence of complementarity between managers and physical capital, especially among exporters and multinational firms.
4
The rest of the paper proceeds as follows: in section 2 we set our empirical strategy. Section 3 describes the data. Section 4 presents the main results and section 5 concludes.
Heterogeneity in the constant or in the slope?
Firm productivity can be modelled in the context of a production function such as the following:
where Y, K and L denote firm output, physical capital and labor used in production, F(.)
is a generic production function which transforms inputs (K and L) into outputs (Y) and A is total factor productivity, defined as an Hicks-neutral technical progress, which acts as a shifter of the production function. In principle, both F(.) and A need not be the same across firms (i) and over time (t).
Assuming a Cobb-Douglas specification for F(.) and taking logs we can write (lowercase denote natural log)
To focus on differences in TFP across international and non international firms, we
where I is an indicator variable which takes value 1 if firm i is internationalised 5 . The parameter δ captures differences in TFP across international and non-international firms. Or, in other words, it allows the production function of international and noninternational firms to have different constants (heterogeneity in the constant). By adding additional firm-level variables to this equation (such as measures of R&D and innovation or organizational characteristics of the firm), we may eventually be able to explain all the difference in the constants among firms.
If we want to estimate equation (3) parametrically, we need to assume with z=l and k, reflect the heterogeneity of firm i in its returns to capital and labor with respect to the average return to inputs among all firms in the sample, while it ã is a measure of a firm ability to increase the returns of both inputs, i.e. the total factor productivity (TFP). Plugging (5) into (4) and estimating the resulting equation, δ may not only capture differences in the constant of the production function ( it ã ), but also heterogeneity in the slopes ( β . If we do not allow for different slopes of the production function across firms, we may mix higher TFP, with higher return to capital. To some extent, this amounts to mixing disembodied with embodied technical change.
One simple way to account for this heterogeneity is to estimate the production function on sub-samples of firms (or estimating different parameters for different groups of firms using interactions). In doing so, we reduce the remaining heterogeneity in parameters 
Data
Our empirical analysis is carried out using an original dataset obtained by matching and merging data from the 8 th and 9 th waves of a survey carried out by Capitalia and the ICE-Reprint dataset.
The two Capitalia surveys cover respectively years 1998-2000 and 2001-2003 and provide detailed qualitative and quantitative information on a large sample of Italian manufacturing firms. In this paper we exploit partially the information contained in the data, by focusing on firms' characteristics such as the innovativeness 7 , investment in machinery and equipment as well as in ICT, R&D intensity, the educational profile of the workforce 8 , and the occupational profile (managers, clerks and production workers). are non-multinational exporters, while one-forth of the firms are not international 7 Innovativeness is captured by three dummies taking value 1 if firms carried out product, process and organizational innovation over the past three years 8 The survey has data on the share of workers with a bachelor degree 'laurea' or with a secondary school diploma 9 We have dropped 'anomalous' firm-year observations. 'Anomalous' observations have been defined as values for inputs and output which exceeded the median for each firm by three times or were lower than one-third of the median. 10 See the Data Appendix for a more precise description of the ICE-Reprint dataset. 11 For the sub-sample of firms included both in the 8 th and 9 th survey, information on the export status in 1998 was also available. Given the high degree of persistence in exporting (92% of firms exporting in the 8 th survey are exporters also in the 9 th ), we choose to use a time invariant indicator for the export status. Therefore, we identify the international status of the sample firms in 2001 and assume it as time-invariant throughout the period.
(purely domestic firms). 
Results

Heterogeneity in the constant: evidence from a two-inputs production function
In order to compute differences in TFP across international and non-international firms, we first estimate l βˆ and k βˆ from a Cobb-Douglas production function where output is measured by the log of value added (deflated using 2-digit production price indexes) and inputs are the log of tangible fixed assets (net of depreciation and deflated using the price index of machinery and equipment) and the log of the number of employees 13 .
12 This is consistent with the theoretical model of Holmes et al (2008) where they claim that the international environment is more competitive and this makes firms more willing to innovate because their losses (in terms of foregone profits) are lower. 13 In section 3 we developed and empirical model where TFP differentials are computed in the same regression where the production function parameters are estimated. In the following empirical analysis we choose to follow a two-step procedure, where we first estimate TFP as the residual of a production OLS tend to give upward biased estimates (returns to scale are well above one) due to the correlation between input use and productivity, while fixed-effects models give downward biased due to limited within-group variation (especially in short panels) which exacerbates measurement errors. In between these two extremes are all the other parametric and semi-parametric methods. Table 5 provide some basic statistics on TFP obtained as
As one would expect, TFP levels change according to the estimation method: the higher the returns to scale, the lower the estimated TFP. This can be easily explained since higher estimated returns to scale means a higher contribution of inputs to output variation and corresponding lower unexplained variation. Despite the different estimated levels of TFP, Table 6 shows that the different methods yield remarkably high correlated TFP measures (as in Van Biesenbroeck, 2007) . Apart from the low correlation between the fixed-effect and the OLS measures, all measures are generally function and then estimate this residual on I and other firm-level variables. This is needed in order to be able to apply a wide array of choices in the estimation of the production function. For example, accommodating firm-level characteristics in OP or LP may be rather problematic. correlated at 90% or more. For the sake of brevity, the following analysis will be carried out using TFP only OLS-D, OP, LP and RE-AR1 estimators 14 .
INSERT TABLE 5 AND 6 HERE With these set of estimates of firm-level TFP, we can now explore differences in TFP between international firms (identified as exporters and multinationals) and noninternational firms. We regress firm (log) TFP on two dummies taking value 1 for multinational firms and non-multinational exporters (the baseline category are nonexporting firms) and a vector of controls, which include dummies for sector and time, firm location (regions), size class, and other firm characteristics. Results are reported in Table 7 .
INSERT TABLE 7 HERE
The estimates reported in column (1, 4, 7, 10) are consistent with the descriptive statistics of Table 3 , and support the idea that Italian multinationals and nonmultinational exporters are more productive (in terms of TFP) than domestic nonexporting firms, after controlling for sector, region, size and time differences. The magnitude if this premium is also rather consistent across methods: for multinational firms it goes from 16% using OLS-D to 23% using OP 15 ; for exporters it varies from 6.5% (with OLS-D) to 7.9% (with OP). We then control for further sources of heterogeneity in firm productivity, which can be correlated with the international status and report the results in subsequent columns. In columns (2, 5, 8, 11) we add a dummy indicating whether the firm is incorporated, three dummies taking value one if the firms has introduced product, process or organizational innovation over the past three years, two dummies capturing investments in machinery and equipment and in ICT, and the share of employees engaged in R&D activities. The magnitude of the coefficients on the multinational firm and non-multinational exporter dummies are slightly lower than in the initial model, but these controls do not seem to explain much of the TFP premia of international firms. A more sizable drop in productivity premia is observed when we control for the skill composition (columns 3, 6, 9, 12). The share of managers and other white collars are strongly associated with firm TFP and, upon their inclusion, the TFP premia slide by more than 30% (column 5). This result highlights a possible misspecification in the production function. In particular, it suggests that the labor input should be split into different components capturing the different skill intensities. We will do this robustness check in section 5.3 and also provide evidence of complementarities between physical capital and high-skilled workers.
Heterogeneity in the slope: evidence from a two-inputs production function
Results presented in Table 7 support the idea that not all the heterogeneity among firms with different international engagement can be explained by differences in the constant of the production function. Even after controlling for a large number of firm characteristics, sizable differences in estimated TFP remain. In this section we will explore whether these differences can be explained by differences in the slopes of the production function, as illustrated in section 3. In particular, we estimate the production function for different sub-sample of firms, allowing different choices of the production technique for different firms. Based on the different estimated coefficients for capital and labor, we obtain TFP which accounts for heterogeneity in the slopes. We estimate different production functions for different sectors, and according to the size of the firm and the degree of international engagement 16 . (Table A. 2) production functions. This suggests that the result of Table 9 must have to do with the specific fact that international firms have different production functions, and not they are generally larger or concentrated in specific sectors.
Indeed, there is a number of reasons that point to a different production function for international firms. First, by organizing production across borders, multinational firms (and to some extent other internationalized firms, such as exporters, which may be also engaged in import of intermediates and outsourcing) use capital more intensively.
Second, capital and labor may have different quality in international firms, which may require to make wider use of ICT to coordinate activities across-borders. Third, labor composition may differ and complementarities with the use of capital may emerge in international firms, if they are to implement better management practices.
Heterogeneity in TFP and input complementarity: evidence from a four-inputs production function
In this section we will extend the analysis by allowing a more flexible specification of the production function, first identifying a separate effect for different types of labor inputs, such as the number of managers, clerks and other white collar workers, and production workers (blue collars) and then by allowing possible complementarities in the returns of inputs, using a translog specification. Table 10 reports the coefficients of the production function estimated with four types of inputs (capital and three types of labor inputs). Returns to scale are slightly lower in this case and this appears to be related to the fact that the model is less able to capture returns to the labor inputs. This may depend on some distortion, induced by the problems of the zeros in the labor input variables (e.g. small firms may have no managers). To avoid losing too many observations, we addressed this problem by taking the log(1+X), where X is the number of managers, white and blue collar workers. In Table 11 we report the coefficients of the production function estimated by international status. Results confirm that multinational firms have higher return to capital, while white collar workers appear relatively more productive in non-multinational exporters. Differences in the productivity of managers across firms type are less clear and slightly dependent on the estimation method.
Results on TFP premia for international firms, reported in Table 12 , are broadly in line with evidence presented earlier: multinational firms and exporters have higher TFP when we estimate a production function common to all firms, but this premium turns negative if we account for differences in the slopes of the production function 17 .
As mentioned earlier, possible complementarities may emerge in the contribution of inputs to firm output. To investigate possible complementarities we estimate a translog production function for all firms and then we break it down by the degree of internationalization of firms 18 . To the best of our knowledge, the translog specification cannot be implemented in OP or LP methods, so we will estimate it only by OLS-D and RE-AR1. To fix ideas, our estimated equation is the following:
17 For exporters the premium shrinks and it becomes non-significantly different from zero when estimated using OLS-D and OP. As shown earlier, when estimating internationalisation-specific production functions with OP, exporters exhibit a positive TFP premium. 18 The translog production function does not impose any restrictions on the substitutability among inputs and provides a second-order local approximation to any twice-continuously differentiable production function (Diewert and Wales, 1987) . Estimation of translog production functions is however more demanding in terms of identifying variance and tends to exacerbate bias due to measurement error (Epifani and Crinò, 2008) . Results reported in Table 13 support the idea that positive complementarity between using managers and physical capital (positive interaction between k and m) exists:
firms' productivity would increase if they use both more capital and managers or, in other words, firms would benefit more from investing in physical capital, if they increase their managerial intensity. Interestingly enough, this complementarity is stronger for multinational firms and exporters. Conversely, and somewhat surprisingly, capital substitutes for white collars in all firms, but in multinationals the effect is stronger, and for production workers, especially in non-internationalized firms.
Different types of workers tend to substitute for each other, the extent of this effect varies across types of firms: managers and white collars substitute rather strongly in exporters, managers substitute for production workers in internationalized firms and white collars, substitute for blue collars in exporters and non-internationalized firms.
Concluding remarks
Using data on a large sample of Italian manufacturing firms over the 1998-2003 period, we estimate the TFP premia of international firms. We confirm the rather established evidence that, even after controlling for sector, region and time effects, as well as other firms' characteristics (such as the innovative and investing behaviour, the legal status and the R&D intensity), exporters achieve higher TFP than noninternational firms and multinational firms perform better than exporters. TFP premia for international firms shrink substantially once we account for the fact that these firms employ a higher share of knowledge workers, such as managers and clerks. These results are robust to various methods for estimating the production function. Instead, TFP premia for international firms vanish, if we account for the fact that the returns to capital and labour may differ. In fact, if we estimate different production functions for multinational firms, exporters and non-internationalised firms and recover TFP taking into account that the former have a substantially higher output elasticity returns of capital, international firms turn out to have even lower TFP than non-internationalised firms. This suggests that firm heterogeneity is in the slopes of the production function, and not only in the constant. A closer look at the production function of international firms, reveals also interesting complementarities between production factors. In particular, estimating a translog function, using a disaggregated definition of labour inputs, we find that managers and capital are complements in the productivity of multinational firms. This is consistent with the idea that multinational firms have superior organizational capabilities and managerial practices. Note:
Missing and "anomalous" values in output (value added) and inputs (number of employees, number of managers, clerks and production workers) are excluded. Values of output and inputs are considered "anomalous" when a firmyear value is more than three times or less than one-third the median value for each firm. The table reports the number of observations for which all information needed to calculate TFP is available after cleaning. The sample include observations from all firms surveyed in the 9 th Capitalia Survey (2001) (2002) (2003) . For about 60% of these firms we were able to gather information also from the in 8 th Capitalia Survey (1998 Survey ( -2000 . In brackets we report the number of observations for 2001-2003 in the sample of firms which are in both surveys clerks and production workers) and education attainment, the innovative behaviour (including binary indicators on the realization of process, product and organizational innovation, the engagement and investment in R&D), the investment behaviour (including investment in ICT), the internationalization mode.
We matched the Capitalia Suvery data with the census of multinational firms in Italy (ICE-Reprint dataset) 19 ,. We label those firms with affiliates abroad in 2001 "Italian multinationals" and we assume that multinational status did not change throughout the period 1998-2003.
Our consolidated dataset provides information on firms' processes of internationalization, economic performance, innovative capacity and growth for up to over 4000 manufacturing firms (depending on the sample used and described in the text this results in between 10000 and 16000 firms-year observations). 
